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Persian GolfAbstract This paper presents an analysis of technical efﬁciency of ﬁshery in the Chabahar
region, Southern Iran. Chabahar is in the northern end of the Gulf of Oman, is an important
case study, having access to 200 km of unspoiled long coastline rich in different varieties of mar-
ine life, and ﬁshery is one of the most important economic activities in the region. A Cobb–Doug-
las stochastic production frontier, including a model for vessel-speciﬁc inefﬁciencies was applied
to obtain technical efﬁciency for a sample of 300 ﬁshing vessels including 166 inshore operating
vessels and 134 offshore operating vessels in the study area. Results provide key information on
the relative efﬁciencies, output elasticities, returns to scale, and the economic performance of each
ﬁshing vessel.
ª 2013 Production and hosting by Elsevier B.V. on behalf of King Saud University.1. Introduction
The Chabahar region is an extremely strategic coastal district,
the closest and best access point of Iran to the Indian Ocean,
situated at the northern end of Gulf of Oman and having ac-
cess to 200 km of unspoiled long coastline rich in different
varieties of marine life (Provincial ﬁsheries department in
Chabahar (PFDC, 2006). Fisheries have been one of the most
important economic activities in the studied region, being infact the biggest source of employment for its inhabitants, over
23,000 local people are involved in ﬁshing industries perma-
nently or seasonally. One of the main advantages of the stud-
ied region is its strategic location in relation to other Iranian
ﬁshing areas (PFDC, 2006). By being situated in the Gulf of
Oman, the studied region does not suffer from the same prob-
lems plaguing other ﬁshing districts in the region, most notably
the problems regarding pollution, ﬁsh stock depletion and
political instability surrounding the other Gulf areas. There-
fore, when the above factors are put into consideration, there
is no doubt that the studied region has an overall competitive
advantage for ﬁshing activities and industries (Chabahar Free
Zone Organization) (CFZO, 2006). Another major factor con-
tributing to the favorability of the studied region in the ﬁeld of
ﬁsheries is the presence of CFZO, being the only Iranian Free
Trade Zone in the mainland. This fact has an obvious impor-
tance with respect to potential export markets for ﬁsh and
other aquatic products being produced in the district. Since
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markets, those who are willing to invest in ﬁsh processing
and ﬁshery related industries of the studied region, based on
the incentives offered by CFZO would have the upper hand
compared to other manufactures in marketing their products
in the region, both in terms of price and the quality of goods.
A commercial ﬁsh resource is an asset because it is capable of
generating a ﬂow of beneﬁts. One of the chief ways in which
the value of ﬁsheries to a region can be enhanced is through
effective control and management of those resources. At the
moment, in terms of marine life, the studied region is by far
the least exploited ﬁshing district in the Gulf of Oman and
in comparison to the other Gulf in any of the following cate-
gories: Exclusive Economic Zone ﬁsheries (EEZ), marine ﬁsh-
eries, high sea (offshore) ﬁsheries, and coastal ﬁsheries. As a
whole, there are on the sea coast of the studied region more
than 30 species of shrimp, 10 species of crab, 5 species of lob-
ster, and 70 commercial species of ﬁsh including sardine, hilsa,
shark, mackerel, butterﬁsh, pomfret, sole, tuna, sea bream,
jewﬁsh, catﬁsh and eel (OFRC, 2006). Almost 80% of the
above species are industrial ﬁsh and a solid basis for primary
ﬁsh processing for export (OFRC, 2006). Studied region con-
sists of 40% of the total ﬁsh caught in Iranian ﬁshery (PFDC,
2006). Declining ﬁshery resources and excessive economic
waste have become increasing global concerns. In the early
days when the population was small and marine resources
were abundant, harvesting of these resources was carried out
without any major concern for the depletion of stock or the
economics of such activities. However, over time, both local
and international demand for marine resources has placed this
resource and the resource users under immense pressure.
It will be useful for the ﬁshery managers to know the level
of ﬁshermen’s knowledge about productive performance re-
lated to the available technology and other socio-economic
factors beside of technology itself, to modulate proper regula-
tions. In spite of the recent rise of various production frontier
approaches’ usage to appraise various levels of productive efﬁ-
ciencies of ﬁrms, the usage of these approaches is not consid-
erable in the ﬁshery sector. For example these following few
studies can be mentioned as the small attempts in this ﬁeld
(Kirkley et al., 1995, 1998; Campbell and Hand, 1998; Sharma
and Leung, 1999; Squires and Kirkley, 1999; Grafton et al.,
2000; Pascoe et al., 2001; Fousekis and Konaris, 2003; Vesterg-
aard et al., 2003; Walden et al., 2003; Garcia del Hoyo et al.,
2004).
The small number of studies in the ﬁshery sector can be re-
lated mainly to the fact that collecting data is difﬁcult due to
the complexity of marine ﬁshery. Furthermore, ﬁshery man-
agement authorities are generally more concerned with biolog-
ical aspects of ﬁshery resources than with the economic
performance of ﬁshermen. However, both the sustainable
management of ﬁsh stocks and the efﬁcient utilization of re-
sources associated with ﬁshery production (such as labor, cap-
ital, etc.) are crucial in order to maximize the social beneﬁts of
the ﬁshing industry. Because of stochastic nature of ﬁshing, the
stochastic frontier production functional approach suggested
by Aigner et al. (1977), Meeusen and van den Broeck (1977),
seems to be a suitable method for calculating efﬁciencies in
the ﬁshery sector. As for the concept of efﬁciency, one can dis-
tinguish between technical, allocative and economic efﬁciency.
Technical efﬁciency can be deﬁned as that which measures how
well the physical inputs adapt to producing a unit of output.Allocative efﬁciency is concerned with the deviation of the ob-
served factor ratios from the optimal ratio, given the prices of
the factors. The degree to which costs are being minimized is
the focus of economic efﬁciency, by deﬁning an efﬁciency fron-
tier and calculating the deviation from it. The main aim of this
paper is to examine the level and determinants of technical efﬁ-
ciency of a sample of Iranian ﬁshery vessels operating in the
studied region during the 2006 ﬁshing season.
Based on hypothesis tests, the functional form of Cobb–
Douglas for stochastic production frontier is calculated, using
the Battese and Coelli (1995), model for inﬂuences of technical
inefﬁciency that identify the operator characteristic and related
vessel variables which may affect technical efﬁciency. Also, out-
put elasticities, and returns to scale are also investigated. Other
efﬁciency measures, allocative and overall (economic) efﬁcien-
cies, are important in ﬁsheries management, but due to data
constraints, this paper focuses only on technical efﬁciency.
2. Materials and methods
2.1. Data gathering
In the studied region, the ﬁshing season consists of nine
months in each year, during the remaining three months be-
cause of the monsoon period the sea is not suitable for ﬁshing,
and ﬁshermen during this period repair their vessels. The ﬁsh-
ery is managed on the basis of two ﬂeet sectors: inshore ﬂeets
with at least 3 gross tons that the majority of them made with
ﬁberglass and make a short trip close to the coast of the stud-
ied region and supply ﬁsh for the human fresh consumption.
Another ﬂeets consists the vessels with more than 3 gross tons
that they operate in high sea (offshore) and make long trips to
harvest pelagic and demersal ﬁshes. The gear deployed by in-
shore and offshore vessels is similar (gill nets); the catch by
species is similar among the mentioned vessels separately. Pres-
ently all ﬁshermen have been organized under 32 ﬁsherman
cooperative associations through which they discuss their
problems and make recommendations.
The cross-sectional data used in this study were collected in
2011 using a multi-stage sampling procedure for a set of 300
structured questionnaires from a population of 2217 vessels
in studied region ﬁshery vessels. This sample consists of 166
vessels operating inshore and the remaining 134 vessels operat-
ing offshore, for the completion of the data set some extra
information about the ﬁshermen and their activities were col-
lected from the provincial ﬁsheries department and the ﬁsher-
man cooperative associations located in this region.
From the descriptive statistics in Table 1, it can be observed
that the inshore operating vessels are relatively small, with an
average annual catch of 102.96 tons, gross registered 2.02 tons,
engine horsepower of 53.61 hp, crew size of 2.19 m and length of
net 411.69 m. In contrast with offshore operating vessels with an
average annual catch of 161.51 tons, gross registered 53.67 tons,
engine horsepower of 383.71 hp, crew size 16.48 m, number of
ﬁshing trips 8.10 and length of net 6326.87 m. The detail infor-
mation of data set for this study can be observed in Table 1.
2.2. Calculation method
Production possibility frontiers are estimated through two
distinct approaches. Data Envelopment Analysis (DEA) is a
Table 1 Summary statistics of the data of parameters for efﬁciency analyzing model of Iranian ﬁshery vessels in the Chabahar region.
Parameters Inshore vessels Oﬀshore vessels
Mean Standard
deviation
Minimum Maximum Mean Standard
deviation
Minimum Maximum
Annual catch (ton) 102.96 35.09 27 185 161.51 95.93 62 485
Gross registered tons 2.02 0.74 1.5 5 53.67 32.82 16 135
Engine horsepower 53.61 2.80 48 55 383.71 233.31 60 870
Crew size (including captain) 2.19 0.40 2 3 16.48 4.97 7 30
No. of ﬁshing trips 197.87 35.90 55 264 8.10 1.51 7 11
Length of net (meters) 411.69 93.40 240 900 6326.87 2033.19 3000 10,800
Age of captain (years) 38.55 10.21 20 65 35.78 7.26 22 73
Fishing experience of captain (years) 15.66 6.44 5 35 16.40 5.86 6 30
Dummy of formal education of the
captain (0 or 1)
0.64 0.48 0 1 0.60 0.49 0 1
Dummy of GPS ownership (0 or 1) 0.51 0.50 0 1 1.00 0.00 1 1
Dummy of captain training
programs (0 or 1)
0.93 0.25 0 1 0.96 0.21 0 1
28 A.R. Jamnia et al.non-parametric method whose main weakness is an inability to
allow for stochastic shocks to the frontier (Seiford, 1996; Ca-
zals et al., 2002). It is arguable that this characteristic of
DEA rendering it an unsuitable instrument for investigating
production frontiers in noisy environments such as ﬁsheries.
Stochastic Frontier Analysis (SFA), in contrast, is designed
to incorporate stochastic disturbances, but requires strong
parametric speciﬁcations in its implementation (Park et al.,
1998; Kumbhakar and Knox Lovell, 2002). Stochastic frontier
analysis was developed independently by Aigner et al. (1977),
Meeusen and van den Broeck (1977), and is based on an
econometric speciﬁcation of a production frontier.
The measurement of individual ﬁrms requires some bench-
marks against which their performance can be assessed. A
common approach has been to estimate a production frontier,
which represents the relationship between the maximum po-
tential outputs for a given set of input. The individual’s output
is compared to the frontier level of output given the level of in-
put employed, and the resultant difference represents the level
of inefﬁciency of the ﬁrm. The estimation of stochastic produc-
tion frontier also allows for the effects of random variation in
output to be separated from inefﬁciency.
A production function deﬁnes the relationship between the le-
vel of input and resultant level of outputs. It is estimated from the
observed output and input usage and indicates the average level
of outputs for a given level of inputs. A number of studies have
estimated the relative contribution of the factors of production
through estimating production functions at either the individual
boat level or total ﬁshery level. These includeCobb–Douglas pro-
duction function (Hannesson, 1983), CES production functions
(Campbell andLindner, 1990) and translog production functions
(Squires, 1987; Pascoe and Robinson, 1998).
Consider the following general form of the stochastic pro-
duction frontier function:
yi ¼ fðxji; bÞ þ ðvi  uiÞ ð1Þ
where yi is the logarithm of the observed output produced by
the ith ﬁrm, xji is the logarithm of the quantity of the jth input
used by ith ﬁrm, b is a vector of parameters to be estimated,
and f() is approximated by a form of production function
(Berndt and Christensen, 1973).
In this study, the production frontier model for both groups
(inshore and offshore) of Iranian ﬁshery vessels operating inthe studied region was speciﬁed as a Cobb–Douglas produc-
tion function.
lnYi ¼ b0 þ
X5
j¼1
bj lnXij þ vi  ui ð2Þ
where the subscript i refers to the ith vessel;
ln denotes natural logarithm;
Y denotes quantity of ﬁsh harvested (in ton);
Xi1 denotes gross registered tons (GRT) for the ith vessel;
Xi2 denotes Engine horsepower (HP) for the ith vessel;
Xi3 denotes crew size, number of crew (including captain)
employed by the ith vessel;
Xi4 denotes the total number of trips in the harvesting sea-
son for the ith vessel;
Xi5 denotes (Gear) length of net used by the ith vessel (in
meters);
Also b s are parameters to be estimated; vi is assumed to be
an independently and Identically distributed Nð0; r2vÞ random
error, independent of ui; and ui is a nonnegative random vari-
able, associated with technical inefﬁciency in production,
which is assumed to be independently and identically distrib-
uted and truncations (at zero) of the normal distribution with
mean, li, and variance, r2uðjNðli; r2vÞjÞ
After replacing the Eq. (3) by Eq. (2), the obtained single
equation model is calculated by frontier software package (ver-
sion 4.1) developed by Battese and Coelli (1992).
The variance parameters of the likelihood function are esti-
mated in terms of r2 ¼ r2v þ r2u and c ¼ r
2
u
r2 where the c param-
eter has a value between zero and one.
The technical inefﬁciency which effects ui can be replaced
by a linear function of various operator and vessel speciﬁc
variables hypothesized to inﬂuence technical inefﬁciencies
(Battese and Coelli, 1995). Speciﬁcally,
Ui ¼ d0 þ
X5
j¼1
djZji þ wi ð3Þ
where Ui is the ith vessel-level technical inefﬁciency measure,
Zs are various operator and vessel speciﬁc variables associated
with technical inefﬁciency, deﬁned as: Z1i denotes the age of
the captain of the ith vessel (in years); Z2i denotes the captain’s
years of ﬁshing experience for the ith vessel, Z3i denotes formal
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for no formal education, 1 for formal education), Z4i denotes
use of GPS by the ith vessel (dummy variable used, 0 vessel has
not GPS, 1 vessel has GPS), Zi5 denotes captain participation
in training program of the ith vessel (dummy variable used, 0
for no participation in training program, 1 for participation in
training program) ds are unknown parameters to be estimated;
Wi is the error term. And independently and identically distrib-
uted with Nð0; d2uÞ (Battese and Coelli, 1995).
It should be noted that the above model for technical inef-
ﬁciencies in Eq. (3) can only be estimated if the technical inef-
ﬁciency effects, ui are stochastic and have particular
distributional properties (Coelli and Battese, 1996). Therefore,
it is of interest to test the null hypotheses that the Cobb–Doug-
las frontier is an adequate representation for the ﬁshery ves-
sels, bij ¼ 0; i 6 j ¼ 1; 2; . . . ; 5; technical inefﬁciency effects do
not exist, c ¼ d0 ¼ d1 ¼ . . . ¼ d5 ¼ 0; technical inefﬁciency ef-
fects are not stochastic, c= 0; and vessel characteristics do
not effect the technical inefﬁciencies, d1 ¼ . . . ¼ d5 ¼ 0. Under
c= 0, the stochastic frontier model turns into a traditional
average response function in which the explanatory variables
in the technical inefﬁciency model are contained in the produc-
tion function and the ﬁshery vessels are completely efﬁcient.
These null hypotheses can be tested using the generalized like-
lihood ratio statistic, k shown in:
k ¼ 2  ½lnfLðH0Þg  lnfLðH1Þg ð4Þ
where LðH0Þ and LðH1Þ indicate the values of likelihood func-
tion under the null ðH0Þ and alternative ðH1Þ hypotheses,
respectively (Kodde and Palm, 1986; Battese and Coelli, 1995).
According to the stochastic production frontier model in
Eqs. (1) and (2), the technical efﬁciency index for the ith vessel
in the sample (TEi), deﬁned as the ratio of observed output to
the corresponding frontier output is given by:
TEi ¼ expðUiÞ ð5Þ
‘‘The forecasting of technical efﬁciencies is based on the
conditional expectation of expression, Eq. (5), given the values
of vi  ui evaluated at the maximum likelihood estimates of the
parameters of the stochastic frontier model’’ (Sharma and Leu-
ng, 1999). The frontier production for the ith vessel can be
computed as its actual production divided by its technical efﬁ-
ciency estimate.3. Results and discussion
The various hypotheses including restrictions on the variance
parameter c in the stochastic production frontier and the d-
coefﬁcient in the technical inefﬁciency model for both types
of vessels are tested using generalized likelihood ratio tests
which are summarized in Table 2. The hypothesis tests indicate
that for both inshore and offshore operating vessels model, at
the 1% level of signiﬁcance: The ﬁrst null hypothesis for both
models which specify that the Cobb–Douglas functional form
is suitable for the stochastic production frontier, is strongly ac-
cepted. Both second and third null hypotheses, that technical
inefﬁciency effects are absent and that inefﬁciency effects are
not stochastic, are strongly rejected. Therefore the ordinary
least squares (OLS) function is not an accurate representation
for the analysis of vessels in this study. This is also shown to be
true by the estimated value of the variance parameter c that isstatistically different from zero. Finally, the fourth null
hypothesis which assumes that the inefﬁciency effects are ab-
sent is also rejected.
Regarding the parameter estimates, presented in Table 3,
for the stochastic frontier model of inshore ﬁshery vessels the
coefﬁcients of gross registered tons, crew size (labor), number
of ﬁshing trips were signiﬁcant and have the expected positive
signs, indirectly suggest that any increase in each mentioned
variable would cause higher production. However, the coefﬁ-
cients of the remaining two variable engine horsepower and
length of net (gear) were not signiﬁcant and except engine
horsepower the length of net was not according to expectation,
this means that the amount of length of net (gear) used by the
inshore ﬁshing vessels is already greater than the optimum.
For the model of offshore vessels the coefﬁcient of gross regis-
tered tons, crew size (labor), number of ﬁshing trips and length
of the net (gear) were signiﬁcant and have the expected positive
signs, implying that any increase in each mentioned variable
would cause higher production. However the coefﬁcient for en-
gine horsepower was not according to expectation and also
was not signiﬁcant. This means that the engine horsepower
used by the offshore ﬁshing vessels is greater than the
optimum.
The coefﬁcients of input variables in Cobb–Douglas pro-
duction function are elasticities of mean output with respect
to the different inputs used. Elasticities of output in inshore
ﬁshery vessels for gross registered tons (grt), crew size (labor),
and number of ﬁshing trips have expected signs and are signif-
icantly greater than zero. The elasticities with respect to engine
horsepower and length of net (gear) were not signiﬁcant and
except engine horsepower the length of the net was negative.
The empirical results in Table 3 indicated that the gross regis-
tered tons (grt) had the major inﬂuence on harvesting the
amount of ﬁsh. The elasticity of frontier (best practice) pro-
duction with respect to grt was estimated to be 1.96. This indi-
cated that, if grt of inshore vessels were to be increased by 1%,
then the total ﬁsh catch was estimated to increase by 1.61%.
Further, the elasticity of the number of trips and crew size (hu-
man labor including captain) was estimated at 0.4 and 0.28,
respectively. The elasticity of output in respect of engine horse-
power and length of nets (gear) was quite low, at .09 and 0.05
respectively. The return to scale parameter for the Cobb–
Douglas production frontier was estimated by the sum of the
elasticity’s of the ﬁve mentioned variables. It was found that
the returns to scale for inshore ﬁshery vessels is increasing re-
turns to scale, as the sum of input elasticities was 2.68. For the
offshore ﬁshery vessels model, the elasticities of output with re-
spect to gross registered tons (grt), crew size (human labor
including captain), and number of trips and length of net
(gear) have expected signs and are signiﬁcantly greater than
zero, were calculated as 0.31, 0.46, 0.64 and 0.23, respectively
also as seen all of them are less than unity. This means that a
1% increase in each of the mentioned inputs would cause a less
than 1% increase in the ﬁsh catch. The return to scale for these
ﬁshery vessels is calculated as 1.6, less than the 2.68 of inshore
ﬁshery vessels that was calculated previously. For both ﬁshery
vessels the returns to scale is increasing.
The elements inﬂuencing technical inefﬁciency in both the
two models (inshore and offshore operating vessels), could
be analyzed by the size, algebraic sign, and signiﬁcance of
the approximated coefﬁcients in the inefﬁciency effects models
as presented in Table 3. A positive sign on the parameters in
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efﬁciency, and the other way around. For inshore operating
vessels the coefﬁcients for age of captain, formal education
of captain, GPS and participation of captain in training pro-
grams have a negative sign but only captain training programs
are signiﬁcant. This indirectly suggests that these parameters
have a positive effect on the efﬁciency of inshore operating ves-
sels especially the captain training program has an inﬂuencial
effect on improving of efﬁciency for inshore operating vessels.
The coefﬁcient for ﬁshing experience of the captain is not sig-
niﬁcant and has a positive sign, thus it causes lesser efﬁciency.
In offshore operating vessels the coefﬁcients for ﬁshing
experience of captain, formal education of captain, GPS and
captain training programs are signiﬁcant and have a negative
sign, implying that these parameters have a positive effect on
the efﬁciency of offshore operating vessels. The coefﬁcient
for age of captain is signiﬁcant and has a positive sign, imply-
ing that this parameter has a negative effect on the efﬁciency of
offshore operating vessels.
According to results about inefﬁciency effects as mentioned
above, in both types of operating vessels in the ﬁshery sector of
the studied region the participation of the captain in training
programs has a major inﬂuence on improving of efﬁciency
and amount of ﬁsh harvesting.
The parameter r2and c terms are positive and statistically
signiﬁcant at 1% level which indicated that the observed ﬁsh
catch signiﬁcantly differed from frontier output due to factors
which are within the control of ﬁshermen. The variance ratio c
for both types of vessels showed that about 54% and 70% of
the differences between the observed output and the frontier
level of output were caused by differences in ﬁshermen’s tech-
nical efﬁciencies, while the remaining variation is due to fac-
tors out of the control of the ﬁshermen.
For better indication of the distribution of individual efﬁ-
ciencies, a frequency distribution of predicted technical efﬁ-
ciencies for both types of vessels is presented in Figs. 1 and
2. The estimated technical efﬁciencies for the inshore operating
vessels range from 40% to 90%, with a mean technical efﬁ-
ciency level of 66%. The mean efﬁciency level indicated that
on an average, the sample ﬁshermen of inshore operating ves-
sels tend to realize about 66% of their technical abilities. For
the majority of vessels in this type (47.6%) technical efﬁciency
lies in the range of 50–70%. And 43.4% of the sample vesselsTable 2 Generalized likelihood ratio tests of hypothesis for paramet
models.
Null hypothesis Test statistic (k)
Inshore vessels model
bij ¼ 0; i  j ¼ 1; 2:::; 5 10.3
c ¼ d0 ¼ d1 ¼ ::: ¼ d5 ¼ 0 20.03***
c=0 11.8***
d1 ¼ d2 ¼ :::d5 ¼ 0 13.02***
Oﬀshore vessels model
betaij ¼ 0; i  j ¼ 1; 2:::; 5 4.5
c ¼ d0 ¼ d1 ¼ ::: ¼ d5 ¼ 0 25.92***
c=0 10.2***
d1 ¼ d2 ¼ :::d5 ¼ 0 11.9***have a range of (70–90) technical efﬁciency. Only 0.6% of sam-
ple vessels have more than 90%, suggesting that in the study
area in 2011 a large proportion of inshore operating vessels
operated below to the efﬁcient frontier. The technical efﬁciency
scores for offshore operating vessels range from 26–99%, with
a mean efﬁciency level of 56%. Thus, we can say that on an
average the sample ﬁshermen of offshore operating vessels
were harvesting the ﬁsh up to about 56% of the potential (sto-
chastic) frontier production levels, given the levels of their in-
puts and technology. For the majority of vessels in this type
(44.7%) technical efﬁciency lies in the range of 50–70%. The
technical efﬁciency scores were 40.3% of the sample vessels
having less than 50%. Thus, more than 85% of the sample off-
shore operating vessels have technical efﬁciency scores in the
range of 50–70 or lower, suggesting that in the study area in
2006 a large proportion of offshore operating vessels operated
below to the efﬁcient frontier. The results reveal that offshore
operating vessels are more inefﬁcient than the inshore operat-
ing vessels, and the technical efﬁciency improving potential for
both types of vessels are with a mean 44% and 34%,
respectively.
For inshore operating vessels the output elasticity for gross
registered tons is positive and more than unity, engine horse-
power, crew size and number of trips are positive and less than
unity, while the output elasticity of the amount used of length
of net (gear) is negative. An interpretation for this is that ves-
sels use more length of net (gear) than is optimal, i.e. Fousekis
and Konaris (2003) and Esmaeili (2006) also found a negative
relation between gear use and technical efﬁciency in Greece
and Iran, respectively. In addition, Kompas et al., 2003, con-
cluded that gear length is negatively related to efﬁciency in
Australia’s prawn ﬁshery. About the offshore operating ves-
sels, the output elasticity for gross registered tons, crew size,
number of trips and gear is positive and less than unity,
whereas the output elasticity of engine horsepower is negative.
An explanation for this is that offshore operating vessels use
more engine horsepower than is optimal.
The output elasticity estimates for this study lead to a re-
turn to scale. For inshore operating vessels the return to scale
is estimated at 2.68. This is more than the result of Sharma and
Leung (1999); Fousekis and Konaris (2003); Garcia del Hoyo
et al. (2004); Esmaeili, (2006). For offshore operating vessels
the return to scale is computed as 1.6, less than inshoreers of the stochastic production frontier and technical inefﬁciency
d.f Critical value Decision
15 30.6 Not reject
7 17.75 Reject
2 8.27 Reject
5 9.24 Reject
15 30.6 Not reject
7 17.75 Reject
2 8.27 Reject
5 9.24 Reject
Table 3 Parameter estimates of stochastic production frontier and technical inefﬁciency models.
Parameters Inshore vessels Oﬀshore vessels
Coeﬃcient T-ratio Coeﬃcient T-ratio
Stochastic frontier model
b0 2.04 0.7 0.03 0.04
b1 1.96
*** 9.43 0.31** 3.41
b2 0.09 0.14 0.04 0.55
b3 0.28
** 2.01 0.46*** 3.36
b4 0.4
** 2.16 0.64*** 5.07
b5 0.05 0.26 0.23** 2.07
Ineﬃciency eﬀects model
d0 0.63 1.54 0.25 1.01
d1 0.007 0.69 0.02** 3.9
d2 0.01 0.79 0.02** 3.4
d3 0.1 0.7 0.08* 1.62
d4 0.01 0.09 0.12*** 2.8
d5 0.17** 2.11 0.58*** 9.93
Variance parameter
r2 0.21*** 4.2 0.05*** 8.28
c 0.54*** 3.6 0.70*** 10
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Figure 1 Frequency distribution of technical efﬁciency for
inshore operating vessels.
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Figure 2 Frequency distribution of technical efﬁciency for
offshore operating vessels.
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returns to scale in Iranian ﬁshery production in the studied
region.The mean technical efﬁciency levels for inshore and offshore
operating vessels are estimated to be 66% and 56%, respectively.
This implies that the realized ﬁsh catch could be increased for in-
shore and offshore operating vessels by about 34% and 44%,
respectively, without any additional resources. Also our results
predict that technical inefﬁciency effects are signiﬁcant in
explaining the level and variation in vessels ﬁsh catch.
4. Conclusion
The principal aim of this paper was to analyse technical efﬁ-
ciency in Iranian ﬁshery in the studied region using cross sec-
tional data from individual vessels during the 2011 ﬁshing
season. The performance of these vessels is analyzed by esti-
mating a Cobb–Douglas stochastic frontier production func-
tion. Explanatory variables of technical inefﬁciency are
estimated simultaneously, and output elasticities and returns
to scale are also explored. Our results indicate that the translog
functional form is not an adequate representation of the data.
Also, the results show that the traditional average response
function, which does not count for technical inefﬁciency of
production, is not an adequate representation of the data.
Despite the importance of allocative and overall efﬁciency
(economic efﬁciency), due to data constraints, this study deals
only with technical efﬁciency. Further data collection of eco-
nomic parameters in Iranian ﬁsheries would facilitate im-
proved studies along what is outlined in this study.Acknowledgement
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